In the fight against infectious diseases, with the combined efforts of basic and clinical veterinary scientists, practitioners and domestic animal producers, antimicrobials of natural origin will bring to veterinary medicine the same type of curative revolution as antibiotics did. To realize the main objective of animal husbandry, in diminishing negative economic trends, it is necessary to introduce contemporary management to reproduction. Amongst the numerous preventive measures in use in practice, it is also important to use alternative preparations such as ozone, which has germicidal and fungicidal activities. Ozone is frequently used within the field of veterinary medicine for prophylaxis/treatment of pathological conditions of the genital system in domestic ruminants, such as retained fetal membranes, clinical metritis/endometritis, and improvement of fertility, according to some previous studies. The advantages of ozone in comparison to antibiotics are usage without prescription, low medication costs, lack of bacterial resistance, and the absence of residues in animal products. However, ozone is frequently but still insufficiently used in veterinary practice, particularly in buiatrics. More recently, it has exhibited very promising results in treatment of puerperal disorders in cows, goats and sheep as an alternative to the use of antibiotics, which are restricted and/or being gradually withdrawn in production of food animals in the EU.
Introduction
The future of successful cattle breeding worldwide is based on continual and professional breeding procedures. On dairy farms, milk production is continuously increasing, but fertility is simultaneously decreasing (LÓPEZ-GATIUS et al., 2006; SAMARDŽIJA et al., 2008) . The challenges of getting high yielding dairy cows pregnant are becoming increasingly important (WEIGEL, 2006) . This is of particular importance in reproductive management in buiatrics, where ozone has been used as an alternative to antibiotics due to its germicidal/fungicidal activities (DJURICIC et al., 2012a) .
Reproductive parameters in ruminants In order to be able to evaluate bovine fertility in intensive and extensive farming systems different parameters have been suggested such as duration of days open or service period, conception rate and pregnancy rate following first insemination (PRYCE at al., 2004; DOBRANIĆ et al., 2008) . The aim of cattle production is to shorten the duration of days open or the intercalving interval to about 1 year, depending on milk yield . Therefore, proper management of dairy cows, especially before calving, isobserved reproductive complications in goats are abortion (20%), RFM (10%), dystocia (10%), stillbirths (10%) and mastitis (10%) (MUDE and WAGHMARE, 2010) .
Retention of fetal membranes (RFM)
The RFM in cows is a pathological condition defined as the absence of fetal membrane expulsion within 12 to 24 hours after calving, caused by the failure of the third stage of labor, due to various causes (GAUTAM et al., 2009) . The fetal membrane is usually expelled 6 to 8 hours after calving in approximately 80% of cows (VAN WERVEN et al., 1992) . The incidence of RFM in cows is between 5%-10%, depending on the herd (LeBLANC, 2008) . Although the causes of primary RFM are not fully understood, the main cause of RFM is definitely connected with structural changes in the fetoplacental unit and certain hormonal changes (LAVEN and PETERS, 1996) . Secondary RFM is a consequence of a hypotonic or atonic uterus, whereas primary retention appears as a result of cotyledon-caruncle attachments which may fail to relax. The RFM delays uterine involution and could lead to clinical metritis and endometritis, resulting in subfertility/infertility (GAUTAM et al., 2009) , which are the most common causes of infertility in dairy cattle (LAVEN and PETERS, 1996; LEWIS, 1997; SHELDON and DOBSON, 2004) . Clinical metritis is a consequence of 25% RFM after parturition, and the main reason for subfertility in cows due to slower involution of the uterus and the return of ovarian cyclicity (DINSMORE et al., 1996) . It is well known that cows with RFM have a higher bacterial count in the uterus such as: E. coli, Clostridium spp. and Gram-negative anaerobes in comparison to cows with normal puerperium. This increases the risk of development of inflammation of the uterus (MATEUS et al., 2002) . Many authors have confirmed prolonged intercalving interval, days open and conception rate as a consequence of RFM (GAUTAM et al., 2009 ). The efficacy of intrauterine administration of antibiotics for treatment of RFM has been questioned due to the multiple interactions of antibiotic substances with uterine contents, and the varying degrees of absorption (EILER, 1997) . It has been demonstrated that there is a high risk for residues in milk, especially with extra-label drug administration, thus alternative approaches are being sought to treat RFM (DINSMORE et al., 1996) .
One of these alternatives includes ozone preparations (DJURICIC et al., 2012a; 2012b; ZOBEL and TKALCIC, 2013; DJURICIC et al., 2015) .
RFM in goats is defined as the failure of fetal membrane expulsion within 6-8 hours after kidding (NOAKES et al., 2009; SAMARDŽIJA et al., 2010) and veterinary attention should be sought if they are not expelled within 12 hours. After this time, immediate veterinary intervention is necessary (MATTHEWS, 2009) . The incidence of RFM in goats varies from 2%-10% depending on the herd (MUDE and WAGHMARE, 2010; AMEEN and AJAYI, 2013) .
Clinical metritis and endometritis
Some of the common causes of dairy cow infertility, amongst others, are clinical metritis and endometritis (GAUTAM et al., 2009) . Clinical metritis is an acute systemic M. Samardžija et al.: Intrauterine ozone treatment of puerperal disorders in domestic ruminants: a review illness due to infection of the uterus with bacteria, usually within 10 days after parturition (SHELDON et al., 2006; LeBLANC, 2008; ĐURIČIĆ et al., 2012) . All layers of the uterine wall show evidence of inflammation, such as edema, infiltration of leukocytes, and myometrium degeneration. In both conditions, the mucosa is congested, and severe leukocyte infiltration begins, in response to common pathogens such as: Trueperella (T) pyogenes, F. necrophorum and E. coli. Treatment of clinical metritis has been reviewed recently by SZENCI (2014) and SZENCI et al. (2015) .
Clinical endometritis is an inflammation of the endometrium with mucous, and mucopurulent to purulent vaginal discharge, that appears three weeks after parturition or later (SHELDON and DOBSON, 2004) . The inflammation is caused by bacteria, fungi or mycoplasmas. The causative agents ascend through the open cervix during parturition or early puerperium. Clinical endometritis which appears later is usually caused by RFM. The external signs of the disease can be seen during the first ovulation or after resumption of ovarian cyclicity . Clinical endometritis is observed in 15%-20% of cows, 4-6 weeks after parturition, and subclinical endometritis is noted in 30%-35% of cows between 4-9 weeks after parturition (LeBLANC, 2008) . Clinical endometritis is usually caused by coliform Gram-negative anaerobic bacteria, T. pyogenes and others (AZAWI, 2008). The therapy for clinical endometritis is applied depending on the course of the disease, and should be directed to improvement of fertility, and at the same time to eliminate the causative agents from the uterus by medication as soon as possible. The success of therapy is evaluated by elimination of the uterine discharge, the sensitivity of causative agents to the treatment, the concentration of the drug applied, and exposure of the endometrium to this drug (NOAKES et al., 2009) . Therapy is primarily based on local application of antibiotic preparations, and selection of antibiotics should be based on determination of antibiotic resistance. Furthermore, antibiotic preparations have different absorption properties and induce multiple interactions within the uterus (DRILLICH et al., 2001) . Besides antibiotic therapy, prostaglandins and/or antiseptic agents have been recently reviewed by SASSI et al. (2010) . According to our recent findings, intrauterine ozone treatment may also be used (ZOBEL, 2013; ĐURIČIĆ et al., 2014) . Clinical endometritis can prolong days open, the intercalving interval, increase the number of inseminations per pregnancy and the risk of cows being culled for infertility. On average, 32.6% of cows may have vaginal discharge (from mucopurulent to purulent) within the first two months after parturition, but only about 25.9% cows have visible clinical signs of disturbances in their general health status. More than 61% of these cows have a lower conception rate and days open longer than 205 days (GAUTAM et al., 2009) . Hence, it is very important to perform vaginal examination of cow between days 21 and 25 following parturition, in order to diagnose clinical endometritis as early as possible and to start therapy if necessary . 
Use of ozone preparations in ruminants
Ozone is a gaseous molecule composed of three oxygen atoms (O 3 ). Ozone is a very powerful oxidant, which is related to its instability and quick transformation into oxygen . These oxidative processes in peroxidase activity may destroy bacterial capsules and cell membranes, and then block DNA replication. Gram-positive bacteria are more sensitive to ozone than Gram-negative. Ozone has germicidal, fungicidal and virucidal activities (BOCCI, 1996) . The virucidal activity of ozone is manifested by the inactivation of viruses through agglutination of specific viral receptors on the target cells to which the viruses have affinity. In addition, ozone may induce chemical reactions which may cause metabolic changes, such as: glycolysis, catabolism of lipids and direct lipolytic effect (BOCCI, 1996) . It can stimulate activation of lymphocytes or monocytes to release several cytokines, such as: interferon (IFN) α, β, γ, tumor necrosis factor α (TNFα), interleukins (IL) 1, 2, 4, 6, 8 and 10, granulocyte/monocite colony stimulation factor (GM-CSF), and transforming growth factor β (TGFβ) (OHTSUKA et al., 2006) . Through these actions it acts as an immunomodulator (KORZUN et al., 2008) . Ozone may activate the Krebs cycles and stimulate release of enzymes, which can eliminate free oxygen radicals, and thus may protect cells (OZMEN et al., 1993) . As reported by BOCCI (1996) , ozone is able to inactivate bacteria, spores and viruses in vitro within a few minutes, by destroying the integrity of the bacterial membrane through the oxidative processes of their phospholipids and proteins, while in fungi it acts as an inhibitor to their growth (KORZUN et al., 2008) . Furthermore, ozone penetrates into the cells of microorganisms and interacts with molecular structures within the cytoplasm and nucleus (frequently with DNA), and in this way it may interfere with their replication (BOCCI, 1996) . The toxicity of ozone towards microorganisms and simultaneous lack of toxicity towards the host cells is explained by the lack of the antioxidative enzymatic mechanisms in viruses, fungi and bacteria, which are characteristics of evolutionary higher organisms (BOCCI, 1999) .
The advantages of ozone in comparison to antibiotics are usage without prescription, the absence of adverse effects, lower medication costs, the lack of bacterial resistance, and the absence of residues in milk (DINSMORE et al., 1996) , meat and other tissues (DJURICIC et al., 2012a; ZOBEL et al., 2014) . In veterinary practice, ozone has been used for more than 30 years. However, the most widespread use of ozone in veterinary practice is for treatment of various pathological conditions of the genital system in domestic ruminants, such as RFM, clinical metritis/endometritis, as well as for improvement of fertility (DJURICIC et al., 2011; 2012a; 2012b; ZOBEL, 2013; ZOBEL and TKALCIC, 2013; ĐURIČIĆ et al., 2014; ZOBEL et al., 2014; ĐURIČIĆ et al., 2015) .
There are many different forms of ozone preparations, such as: creams, gas, injections, palettes, foam, pearls and boluses (TRAVAGLI et al., 2009 ). The major use of ozone in veterinary practice is in the form of foam and pearls for treatment of RFM, clinical metritis and endometritis (SCROLLAVEZZA et al., 1997; MARUSI et al., 1999; MARUSI et al., 2000) .
Intrauterine administration of an ozone spray may shorten days open in cows of Holstein and Simmental breeds (DJURICIC et al., 2012a; 2012b) . DJURICIC et al. (2012a) , ZOBEL and TKALCIC (2013) , DJURICIC et al. (2015) and ĐURIČIĆ et al. (2016) reported the positive effects of ozone treatment of RFM in cows, goats and ewes, as well as of clinical metritis/ endometritis/ in cows and ewes (ĐURIČIĆ et al., 2014; ZOBEL et al., 2014; ĐURIČIĆ et al., 2016) . These effects were evident due to the fact that an ozone preparation applied to the uterus resulted in significantly better recovery in relation to the other preparations registered (antibiotics) for treatment of such conditions. None of these studies reported any negative effects of intrauterine application of ozone in cows.
Preventive intrauterine ozone application has varying effects on reproductive performance in dairy cows. Cows treated with an ozone foaming spray between 24-48 hours after calving became pregnant sooner and had a better conception rate than cows treated with ozone pearls. It is assumed that this improvement could be ascribed to the ozone preparation (spray) and the amount of active substance in it. In addition, ozone pearls (a prescribed single dose of 6 pearls) are very small paraffin pearls, moist and crude, and thus they are not able to expand throughout the whole uterus, while the ozone foaming spray fills the entire uterus (DJURICIC et al., 2012b) .
In the case of clinical metritis, ozone is applied into the uterus as a foaming spray (Riger Spray ® , Novagen, Parendzana, Italy) by a catheter, for 8-10 seconds. The same procedure is used for treatment of clinical endometritis, but the cow's uterus has to be in the follicular (proliferative) phase. On the basis of vaginal findings three weeks after treatment, it is be easier to decide whether ozone treatment should be treated alone or in combination with the antibiotic ceftiofur (parenterally). After the first and second intrauterine applications of ozone in cows with clinical endometritis caused by T. pyogenes, 40% and more than 80%, respectively, of cured animals were recorded (SCROLLAVEZZA et al., 1997) . Since the puerperal period considerably affects the fertility of cows, intrauterine ozone treatment in cases of clinical metritis and endometritis acts beneficially on overall fertility, by shortening days open in Holstein cows (ĐURIČIĆ et al., 2014) (Table 1) . Antibacterial broad spectrum agents targeted for intrauterine application, in comparison to ozone preparations, lose activity in the lochia in the presence of pus and in anaerobic conditions, and may cause residua in milk and meat, and increased bacteria resistance may occur (DJURICIC et al., 2012a; 2012b; ĐURIČIĆ et al., 2014; ZOBEL et al., 2014) . On the other hand, intrauterine ozone therapy may have beneficial effects on the incidence of clinical metritis and endometritis, and consequently on the improvement of reproductive efficiency, as well as lowering the costs of treatment (LEWIS, 1997; SCROLLAVEZZA et al., 1997; MARUSI et al., 2000; ZOBEL, 2013; ĐURIČIĆ et al., 2014) . In cases of RFM in cows, the use of ozone, in either spray form or as paraffin pearls, has shown very positive therapeutic effects. Due to the well-recognized detrimental effects of antibiotic use, it is urgent to find a safe and effective alternative to antibiotic therapy for the treatment of RFM in ruminants. With the use of ozone between 12-24 hours (or even 36 hours) after birth, the duration of days open is comparable to those recorded in cows with physiological puerperium (DJURICIC et al., 2012a; ZOBEL and TKALCIC, 2013) .
In addition, following therapy with ozone preparations for treatment of uterine infections in cows, days open and the intercalving interval are shorter, the conception rate improved, and the risk of cows being culled because of infertility decreases (DJURICIC et al., 2012a; DJURICIC et al., 2012b) .
Apart from cows, ozone has been used for the first time in dairy goats with RFM, and showed similar positive effects. Dairy goats from 7 selected farms in Croatia were observed during early puerperium, and were divided into animals without RFM (n = 522) and those with RFM (n = 41). The selected animals were treated with either ozone foam spray (n = 21) or foaming oxytetracycline tablets (n = 20). The does with diagnosis of RFM were mated successfully and became pregnant during the next kidding season, regardless of the treatment applied. The treatment with ozone attained similar results to the standard antibiotic therapy, indicating that it could be a new potential alternative therapy for RFM in dairy goats (DJURICIC et al., 2015) . In addition, ĐURIČIĆ et al. (2016) outlined a new approach to ewe reproductive tract treatment using ozone foam spray for certain obstetrical problems, such as RFM and possible uterine infections following obstetric assistance, in comparison with classical antibiotics treatments. The study was conducted on 256 ewes from 11 sheep farms in north-western Croatia. The intrauterine ozone treatment in ewes with RFM and after manual obstetrics attained similar results to spontaneously delivered ewes, showed as the physiological regression of the uterus with a similar transversal diameter without the presence of lochia in the uterine lumen, indicating that this could be also a novel potential alternative natural therapy in ewes. To realize the main objective of animal husbandry in diminishing negative economic trends, it is necessary to introduce contemporary management in reproduction. Among numerous preventive measures in use in practice, it is also important to use alternative preparations such as ozone, which has germicidal and fungicidal activities. Intrauterine ozone treatment in cases of clinical metritis and endometritis acts beneficially on overall fertility by shortening days open in Holstein cows. Cows treated with ozone spray 48 hours after calving became pregnant earlier and had a better conception rate. Preventive intrauterine ozone application had positive effects on reproductive performance in dairy cows. It is supposed that the foaming spray filled the entire uterus and decreased the number of bacteria by the oxidative process of ozone and peroxides that destroy the bacteria's capsule and membrane. Cows with RFM treated with an intrauterine ozone spray or ozone pearls, O 3 had similar or even better reproductive performance results, in contrast to the control group of cows without RFM, which proves the effectiveness of therapy with ozone products. The intrauterine ozone treatment of RFM, using a foaming ozone spray or ozone pearls, also improved reproductive performance in Simmental cows (DJURICIC et al., 2012a) . Further, we concluded that does with RFM were mated successfully and became pregnant in the next kidding season, with similar results, regardless whether they had been treated with ozone or antibiotics. This indicates that ozone could also be a new potential alternative therapy for RFM in dairy goats .
Furthermore, the effects of ozone following application to a particular site in the organism are multiple, and result in an almost sterile microenvironment, whereas certain antibiotics may or may not be effective, and have been found to be effective only regarding bacterial pathogens. The effectiveness of ozone does not decrease in milk, intestinal content or in the uterus, where the effectiveness of certain antibiotics decreases or is totally absent. The milk of diseased animals treated with antibiotics should not be consumed for at least 3-5 days following treatment, whereas in the case of affected animals treated with ozone, the milk can be used immediately, either for industrial or nutritional purposes (SCROLLAVEZZA et al., 1997) . However, there are certain limitations to ozone use in veterinary practice. In spite of its extremely strong disinfection activity, ozone is not able to inactivate intracellular bacteria and viruses, but may stimulate the immune system by activating neutrophils and enhancing the release of cytokines (BOCCI .
Conclusions
Although still insufficiently, ozone is used in human medicine for treatment of breast cancer and for wound disinfection and healing (ZOBEL et al., 2014) as well as in veterinary medicine, particularly in buiatrics reproduction. It has exhibited very promising results as an alternative to the use of antibiotics, which are being restricted or withdrawn in the production of food animals such as: cows, goats and sheep. Concerns about potential risks M. Samardžija et al.: Intrauterine ozone treatment of puerperal disorders in domestic ruminants: a review to human health, due to use/misuse of antibiotics in nonclinical practice, in production of food animals (DEWEY et al., 1997) have led to their gradual withdrawal, in accordance with EU directive 1831/2003/EC. Thus, naturally occurring bioactive substances, such as ozone, are in the focus of scientific research, but also of interest for producers and consumers .
